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Abstract—Two stage cascaded converters are widely used in 
DC/AC hybrid systems to achieve the bidirectional power 
transmission. The topology of dual active bridge cascaded with 
inverter (DABCI) is commonly used in this application. This paper 
proposes a coordinative control method for DABCI and it’s able 
to reduce the DC-link voltage fluctuation between the DAB and 
inverter, then reduce the stress on the switching devices, as well as 
improve the system dynamic performance. In the proposed control 
method, the DAB and inverter are coordinated to control the DC-
link voltage and the power, and this responsibility sharing control 
can effectively suppress the impact of the power variation on the 
DC-link voltage, without sacrificing stability. The proposed 
control method is also effective for DABCI in unidirectional power 
transmission. The effectiveness of the propose control has been 
validated by both simulations and experiments. 
 
Index Terms—Bidirectional control, cascaded converters, 
coordinative control, DC-link voltage control 
 
I. INTRODUCTION 
HIT the increasing of Distributed Generations (DG), 
more and more renewable energy based generation units 
are integrated into the power systems, and they are in the form 
of AC or DC sources, such as the wind turbines, photovoltaic 
panels, biofuel and biomass generations. Forming a local DC or 
AC active distribution network is an efficient way to integrate 
these DGs to support the local loads, as well as feed the utility 
grid[1-4]. The inter-connection between the DC and AC active 
networks could become necessary, and a high effective 
interface converter would be the key issue to realize this 
connection.  
The interface converter between AC and DC systems 
normally fulfills the following requirements [5]: (1) Voltage 
buck-boost capability. (2) Bidirectional power control. (3) 
Galvanic isolation. (4) High power density and high efficiency. 
Several bidirectional buck-boost or boost inverters have been 
presented. Reference [6] offered a three phase single stage 
distributed power inverter, and it has the capability of voltage 
boost, with less switching devices, but cannot realize the 
galvanic isolation. Reference [7] introduced a new topology of 
a boost inverter, which needs more switches, especially for 
three-phase applications. Z-source inverter can achieve boost 
dc/ac inversion and buck ac-dc rectification [8], but its 
efficiency is not high, and it could be difficult for high power 
applications. Reference [9] offered a boost inverter for fuel cell 
applications, but it can not be used in high power three-phase 
applications. The dual-active-bridge (DAB) has a number of 
significant advantages: The high-frequency transformer can 
realize galvanic isolation and high-power density; the 
symmetric topology can achieve bidirectional power flow; H-
bridges with a transformer can easily operate in a zero voltage 
switching mode [10-15]. So the DAB cascaded with inverter 
(DABCI) is attractive for the interface converter between AC 
a n d  D C  s y s t e m s . 
Studies about the hybrid AC/DC systems are presented [4, 
16-21].References [17] and [18] offered a DC-link capacitor 
minimized control method for two stage cascaded interface 
converter, and it uses one converter to control input DC voltage, 
and the other controls the DC-link voltage. Reference [19] 
introduced an unbalance power control method for multi-
terminal solid state transformer, and it used the topology of 
paralleled DABs connected to one inverter. It focused on the 
power distribution and power sharing, and did not analyze the 
bidirectional control or dynamic response. For the cascaded 
converter, conventional control methods use one sub-converter 
to control DC-link voltage, and the other controls the power 
output. When power flow is reversed, sub-converters swap the 
control objectives with each other [20,21 32], but the function 
swapping increases the complexity and reduces the system 
redundancy. Different transient behaviors between the DAB 
and inverter cause transient power unbalance, either in 
bidirectional or unidirectional applications. The power 
unbalance results in the variation of DC-link voltage, and the 
potential over voltage increases the stress on the semiconductor 
devices and causes grid power quality problems.  
 
Fig. 1 Topology of interface converter DABCI 
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coordinative control method is proposed for the DABCI. The 
proposed control method shares DC-link voltage control and 
power control between the DAB and inverter. Without 
swapping control functions or sacrificing the stability, the 
proposed control can effectively improve the dynamic behavior 
of the DABCI with better DC-link voltage maintenance and 
power control. With better controlled DC-link voltage, the 
stress on the switching devices is reduced, which is significant 
to prolong system devices’ life time. 
The paper is organized as follows. The modeling and 
conventional control of DABCI are analyzed in Section II. 
Section III introduces the proposed coordinative control with 
detail analysis. Sections IV presents the simulation and 
experiment results, and Section V gives the conclusions. 
II. TRADITIONAL CONTROL OF THE CASCADED DAB AND 
INVERTER  
Fig. 1 shows the topology of DABCI, DAB cascaded with 
inverter.  and  are respectively the parasitic resistance and 
leakage inductance of the transformer. 
In Fig. 1, the DAB and inverter are recognized as the sub-
converters. The conventional control uses one sub-converter to 
maintain the DC-link voltage Vୢୡ  (on capacitor C2), and the 
other one controls the power output. For example, as shown in 
Fig. 2, DAB maintains the DC-link voltage and inverter 
controls the power output [20]. In order to improve the dynamic 
behavior, a feed forward loop, as shown in Fig. 2, is often 
implemented to the power loop (current loop) [22]. 
DAB and inverter have different dynamic behaviors, because 
of the differences in topologies, control schemes, and uncertain 
parasitic parameters, so the power unbalance on DC-link 
capacitor will occur during transitions, which results in voltage 
fluctuations on the DC-link. Without effective control, the DC-
link voltage ௗܸ௖  may become unacceptable, which not only 
causes distortions in the grid current, but also increases the 
stress on the switching devices, even may damage the DABCI. 
A. DAB Converter Modeling and Control  
The DAB converter consists of two H-bridges, and they are 
connected by a high or medium frequency transformer. The 
power flow can be controlled by the phase-shift between the 
two bridges [11]. The main circuit and operating waveforms are 
shown in Fig. 3, and the average input current ܫଵis (1), and DAB 
output power is (2). [23]. 
 
Fig. 2 Conventional power control of the DABCI  
 
(a) DAB converter and its power control 
 
(b) DAB operating wave forms ( n -turn ratio ) 
Fig. 3 DAB control diagram and main wave forms 
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where ݊ is the transformer turn ratio between the primary side 
and secondary side. ଶܸ is the output voltage. ݂ is the switching 
frequency, and ∅ is the phase shift between the two bridges.  
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As in (2), when  ∅ is గଶ, ܲ will be the maximum value. The 
maximum power can be increased by reducing the switching 
frequency or the leakage inductance.  
Suppose ݒ௣and ݒ௦ are respectively the transformer primary 
and secondary side voltages; ݏଵሺݐሻ	 and ݏଶሺݐሻ are the switching 
functions of the primary and secondary side respectively, then 
the modeling of the DAB converter can be shown as: 
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where ܶ is the switching period. Select the transformer primary 
side current ݅௧  and output capacitor voltage ଶܸ  as state 
variables, the state equations of a DAB converter can be derived 
as: 
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With the Fourier analysis [24-26], the state equations can be 
expressed as: 
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where ݅௧ଵோ	and ݅௧ଵூ are the real part and imaginary part of the 
transformer current.  
 2sw f   (16) 
The transfer function of the DAB converter is 
 1( )G C sI A B    (17) 
Fig. 4 (a) is the power control block diagram of DAB. ܫଶ is 
the output current of DAB, which is determined by the load. 
From Fig. 4 (b), it can be seen that the dynamic behavior of  
 
(a)DAB control diagram 
 
(b)DAB Bode plots 
Fig. 4 DAB control unit and bode plots 
power control is related to the voltage control loop. Based on 
above modeling, the power controller can be designed, and Fig. 
4 (b) shows the bode plots of the DAB under voltage control, 
with and without compensation. Parameters are shown in the 
Appendix. 
B. Inverter Modeling 
Fig. 5(a) and (b) show the inverter topology and model. ݎ is 
the parasitic resistance of the inductor, and ܭ௉ௐெ  is the 
amplitude of triangular carrier wave in the SPWM modulation. 
The item of ௗܸ௖ 2ܭ௉ௐெ⁄  is the gain between the output voltage 
and the reference wave. Fig. 6 is the inverter control diagram. 
As shown, through Park transformation, the current loop is 
performed under DQ rotation reference frame [27], and the 
power can be calculated as: 
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where ܷௗ,	ܷ௤ are the voltage on D and Q axis respectively, and 
ܫௗ,	ܫ௤ are respectively the D and Q axis current. If the D axis is 
oriented along the grid voltage vector position, ܷ௤ is 0, and then 
the current references can be expressed as: 
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where ܲ∗ and ܳ∗ are the power references; ܫௗ∗  and 	ܫ௤∗  are the 
current reference on the D, Q axis respectively.  
As shown in Fig. 6, the current loop uses PI controllers to 
track the current references, and then generate the PWM signals 
to drive the switches [28]. the inductor current ܫ௅ሺݏሻ is (22): 
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(b)Systematic model of the inverter 
Fig. 5 Inverter main circuit and systematic model 
 
 
Fig. 6 Inverter control block diagram with current control 
 
 
Fig. 7 The bode plots of the current controlled inverter 
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where ܮ	ܥ are respectively the inductance and capacitance of 
the LC filter, ܼ௟௜௡௘ is the transmission line impedance and ௗܸ௖ 
is the input DC voltage. As shown, the inductor current is 
determined by both the current reference ܫ∗ሺݏሻ and the ஺ܸ஼஻௨௦. 
In order to lower the current loop response to the switching 
noises, the bandwidth of current loop is much narrower than the 
switching frequency [29]. The ratio of ܭ௣ and ܭ௜ is equal to the 
ratio of ܮ and the parasitic resistance r, as (23), so the model of 
the current loop becomes a reduced order system, which is more 
easily controlled [28]. 
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The bode diagram of the current loop is shown in Fig. 7. 
The control bandwidth of inverter is narrower than that of 
the DAB, which means that the DAB converter is faster than 
the inverter. This will be used for the following analysis. The 
parameters are shown in the appendix. 
C. Analysis of DC-link Voltage Fluctuations 
As shown in Fig. 2, the DAB is used to control DC-link 
voltage and inverter to control power. Normally, the DAB and 
inverter have different dynamic behaviors, so during 
transitions, power unbalance on DC-link capacitor will occur, 
which will alter the DC-link voltage. The relation between DC-
link voltage variation and power unbalance can be expressed as: 
 2 0
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dc dc dc
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C
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where ௗܸ௖ is the voltage on the DC-link capacitor, which is also 
the input DC voltage for the inverter. ௗܸ௖଴is the nominal DC-
link voltage. ܧ஽஺஻  and ܧூ௡௩௘௥௧௘௥	 are respectively the output 
energy of DAB and inverter, which can be obtained by the 
integration of power output. ܥ is the DC-link capacitor. 
According to (22), the small signal of inverter output current 
can be expressed as 
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where the superscript ∧ represents the relevant small signal. 
From (24) and (25), it can be seen that the variation of DC-link 
voltage will affect the output inverter current, so a stable DC-
link voltage is necessary for improving the performance of 
inverter. 
Normally, the DC-link voltage controlling converter’s 
control is designed by its own feature [30]. The voltage 
controller is designed based on the DAB model [26], and the 
block diagram is shown in Fig 8. In Fig 8, the block diagram is 
presented through the view of energy, so ௗܸ௖ଶ  is used here. The 
energy stored on the DC-link capacitor is ଵଶ ܥ ௗܸ௖ଶ  and the 
integration of power difference between DAB and inverter is 
the energy variation on the DC-link capacitor, which causes the 
DC-link voltage fluctuation. The energy output of DAB and 
inverter can be obtained by the product of power references 
( ஽ܲ஺஻∗ , ூܲே௏∗ ) with the transfer function of power 
control( ( )DABG s , ( )INVG s ). 
By neglecting the high order item, the small signal of ௗܸ௖ is 
linear with ௗܸ௖ଶ , as:  
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where ∆ ௗܸ௖ is the small signal perturbation. Based on Fig. 8, 
the voltage controller can be designed. The uncompensated 
open loop transfer function for the voltage control loop is (27). 
Compensated with PI controller, the closed loop bode plots 
of voltage control is shown in Fig 9. The parameters are shown 
in the Appendix. In the following analysis, all the compared 
control methods will use the same parameters. 
As shown in Fig 8, the power reference (ܲ∗) is interference 
to the DC-link voltage control. The interference model is shown 
in Fig. 10. As shown, the DAB loop is a closed loop for  
 
Fig 8 Block diagram of the DAB converter with voltage control 
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Fig 9 Bode plots of DAB converter with voltage control 
 
Fig. 10 Small signal blocks of the interference effect on the DC voltage 
 
the DC-link voltage control, but for the inverter behaves as an 
open loop for the DC-link voltage control. 
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Equation (28) is the interference transfer function, with the 
input of power reference , and output of DC-link voltage. 
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With the same voltage controller, the DAB converter and 
inverter exchange the responsibility of power control and DC-
link voltage control, and Fig. 11 shows the bode plot of the 
interference transfer function. As shown in Fig. 11, when DAB 
maintaining DC-link voltage, at high frequency domain, higher 
than 158	ݎܽ݀/ݏ, the amplitude gain of DC voltage fluctuation 
is smaller than the one with inverter controlling the DC-link 
voltage, which means the interference caused by the power 
reference variations can be damped more effectively. 
As mentioned before, DAB control bandwidth is greater 
than the inverter, so when DAB maintains the DC-link voltage, 
the equivalent feed-back loop in Fig. 10 will be faster, then the 
power output variation of the inverter can be tracked more 
quickly, which can reduce the DC-link voltage fluctuations. But 
the DC-link voltage still faces the challenge of transient voltage 
fluctuations, because the voltage control is based on the DC-
link voltage offset from the nominal value. The discussion  
 
Fig. 11 Bode plots of the DC-link voltage fluctuations in cascaded system 
 
Fig. 12 Control block of the cascaded system added with feed forward. 
 
Fig. 13 The compared bode plots conventional control with feed forward 
control 
 
of this paper is based on this optimized condition with the faster 
DAB converter controlling DC-link voltage. 
As shown in Fig. 2, a feed forward path is usually 
introduced to improve the performance of the cascaded system. 
Fig. 12 is the DC-link voltage control diagram of the feed 
forward control, and (29) is the interference transfer function 
on the DC-link voltage.  
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Fig. 13 shows the interference bode plot of the feed forward 
control, in comparison with the conventional control. As shown 
in Fig. 13, the gain of the feed forward control is much smaller 
than conventional control, which means under the same 
variation of power reference, the DC-link voltage of the feed 
forward control has smaller fluctuations. 
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III. ACTIVE POWER AND DC-LINK VOLTAGE COORDINATIVE 
CONTROL 
A. Active power and DC-link voltage coordinative control  
This paper proposes an active power and DC-link voltage 
coordinative control, which can reduce the DC voltage  
 
 
Fig. 14. The scheme of the proposed coordinative control for DABCI. 
 
fluctuations. It implements the DAB and inverter to share the 
tasks of DC-link voltage control and the power control. The 
proposed control scheme is shown in Fig. 14. As shown, the 
tasks sharing block generates the power reference for the DAB 
( ஽ܲ஺஻∗ ) and inverter ( ூܲே௏∗ ). ஽ܲ஺஻∗  is the sum of the power 
reference P∗ with the output of the DC-link voltage controller.  
ூܲே௏∗  is that ܲ∗  subtracts the output of DC-link voltage 
controller, because the DAB and inverter regulate the DC-link 
voltage by the power in opposite direction, for instance, to 
increase the DC-link voltage, the DAB needs to increase power 
output and the inverter needs to decrease power output. DAB 
and inverter control units drive the converters to output the 
reference values. The parameters in the proposed control are the 
same as that used the conventional control and feed forward 
control. 
Fig. 15 is the circuit of DC-link capacitor, as shown, the DC 
link voltage is the integration of the current difference between 
DAB and inverter, as shown in (30).  
 
1 1
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Conventional control only uses DAB to control the DC link 
voltage, so the inverter current is interference for the DC link 
voltage control. Feed-forward control shares the current 
reference with DAB and inverter, but under steady state or 
when the power reference stays the same, only DAB controls 
the DC-link voltage, then the feed forward control is the same 
as conventional control. In the proposed control, the DC-link 
voltage control is achieved by both DAB and inverter all the 
time, so the DC-link voltage control becomes closed loop for 
both the DAB and inverter. 
In the proposed control, each sub converter can have its own 
DC-link voltage controller, but with different voltage 
controller, the system order will be higher, which deteriorates 
the system stability, so the proposed control uses the same 
voltage controller for the DAB and inverter. 
With the same controller, the DAB and inverter control the 
DC link voltage simultaneously, and act in the same direction. 
For example, if the DC-link voltage is over the reference value, 
the DAB converter will reduce power output to decrease the 
DC-link voltage, and inverter will increase power output to 
decrease the DC-link voltage, so the inverter helps the DAB 
control the DC link voltage, not compete, and this can avoid the 
cross regulation issue. 
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Figure 15 DC-link voltage and current 
 
 
 
Fig 16 Control block of the proposed DC-link voltage and power coordinative 
control 
 
Fig. 17 Compared interference bode plots of the coordinative control with 
feed forward control 
Fig 16 is the interference block diagram of the proposed 
control method, from power reference to the DC-link voltage. 
Compared with conventional control in Fig. 10, loop 2 and the 
power reference feed-forward loop are added to enhance the 
DC-link voltage control. The controller parameters are the same 
as conventional control.  
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Compared with the feed forward control, the proposed 
control introduces the inverter feed-back loop to the DC-link 
voltage control, so the item of	2ܩூே௏ሺݏሻܩ௉ூሺݏሻ/ሺܥݏଶሻ is added 
to the dominator in (31), so the dominator is larger than the one 
in (29), representing the gain of voltage fluctuation is smaller 
than (29). Fig. 17 is the bode plot of the proposed control and 
the feed-forward control. As shown, in the proposed 
coordinative control, the interference magnitude is always 
smaller than the feed forward control, 6.9dB less, which means 
under the same power reference variation, the DC-link voltage 
fluctuation of coordinative control is smaller than a half of the 
feed forward control, much smaller than conventional control.  
When the power reference is constant, the power reference 
interference can be neglected. Fig 18 is the DC-link voltage 
control of the feed forward control and the proposed control. As 
shown in Fig 18 (a) (b), in the proposed control, the double 
converter regulation has both DAB and inverter to control DC  
 
(a)DC-link voltage control diagram of feed-forward control 
 
(b)DC –link voltage control diagram of the proposed control 
 
 
(c) Bode plots of the feed forward control and the proposed control  
Fig 18 DC-link voltage control of the Feed forward control and proposed 
control 
link voltage, so it has a larger equivalent gain than the 
conventional single converter regulation. 
Fig 18 (c) is the open loop bode plot of the feed forward 
control and the proposed control. As shown, the proposed 
control enlarges the control bandwidth of the DC-link voltage 
control. 
To make a fair comparison with the conventional control 
and feed forward control, the parameters of the voltage 
controller varied from ૚૚૙ times to 10 times of previous value to 
verify the improvement. Here the voltage controller is the PI 
controller in charge of DC-link voltage control, as shown in Fig. 
10, Fig. 12, Fig. 14 and Fig 18 (a) (b). It can be expressed as: 
   1 PI sG s K s


  (32) 
where ܭ is the gain of the controller, τ is the integral time. 
As shown in Fig 18 (a) (b), the gain of this controller directly 
affects the DC-link voltage control open loop transfer function. 
So with the increment of this controller gain, the DC-link 
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voltage control will be faster, and under the decrement of K, the 
DC-link voltage control becomes slower. Then the DC-link 
voltage interference in feed-forward control and the proposed 
control can be compared in the respect of damping performance 
on the DC-link voltage fluctuation.  
Fig 19 is the interference bode plot with the voltage 
controller gain-K 10 times enlarged and reduced to one tenth. 
As shown, with enlarged controller gain, the interference gains 
from power reference to DC-link voltage are decreased, with 
15dB smaller than in Fig. 13 and Fig. 17, which means the  
 
Fig 19 Compared interference bode plots of the coordinative control with feed 
forward control  
 
Figure 20 -10kW Step response of the voltage fluctuation 
 
DC-link voltage fluctuations will be more suppressed.  When 
the voltage controller gain K decreases to ଵଵ଴  times, the 
interference gains increases by 7.3dB, which means the DC-
link voltage fluctuations become less suppressed. But no matter 
the voltage controller is increased or decreased, the interference 
gain of the proposed control is always 6dB smaller than feed 
forward control. So with the variation of voltage controller gain, 
the proposed control still damps the DC-link voltage 
fluctuations more effectively than the feed forward control. 
Added with the conclusion obtained by Fig. 11, within the 
stability area, a greater power (current) controller makes the 
converter faster, and with faster converter control DC-link 
voltage, the voltage fluctuations would become smaller.  
For the voltage controller, within the stability area, a higher 
gain of voltage controller can suppress the DC-link voltage 
fluctuations more effectively. 
With the model in Fig 16 and the parameters in the 
Appendix, the voltage step response under the -10kW power 
reference variation (from 5kW to -5kW) can be obtained, as in 
Fig 20. The 10 kW response figure will be symmetric with the 
zero axis with Fig 20. So when the power reference changes 
between -5kW and 5kW repeatedly, the peak values of voltage 
fluctuation is 198V in conventional control, 136V in feed 
forward control and 74V in the proposed control. Later the data 
will be compared with simulation results.  
B. Stability analysis with root locus 
Fig. 21 is the root locus of the conventional control, 
 
Fig. 21 Root locus of conventional control 
 
Fig. 22 Root locus of active power and DC voltage coordinative control 
 
obtained from (28), with the parameter ܭ௉ in ܩ௉ூሺݏሻ increasing 
from 40 to 400. As shown, with the increasing of ܭ௉, the roots 
moves towards the imaginary axis, indicating that the bigger the 
gain is, the less stable the system will be. For the feed forward 
control, power reference feed forward is introduced, but the 
characteristic equation of the feed forward control is still the 
same as the conventional control, as shown in (28) and (29), so 
the stability of the feed forward control is the same as 
conventional control. Fig. 22 is the root locus of the proposed 
coordinative control, obtained from (31).  
As shown, two pairs of zero-poles are added, but they locate 
on the left side of the plane, even further to the imaginary axis 
than previous roots, so the system is stable with the proposed 
control. 
With more firmly controlled DC-link voltage, the stress of 
DC-link capacitor will also be reduced. The DC-link capacitor 
is not only to minimize the voltage ripple under steady state, but 
also to ensure the stability of the cascaded system [31]. The 
stability of the cascaded converter system not only depends on 
well designing of individual converter, but also the input and 
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output impedance of sub-converters [32]. The input impedance 
is equivalent impedance viewed from a power source connected 
to the network [33], and output impedance is the impedance 
exhibited by its output terminals to an alternating current of a 
particular frequency [34]. If the output impedance of a source 
converter is much less than the input impedance of the load 
converter, then the stability of cascaded system can be 
guaranteed [35]. Normally, an intuitive way to reduce the 
source converter’s output impedance is adding an intermediate 
bus capacitor to the cascaded system, and the calculation of DC-
link capacitor is shown in [31]. The impedance interaction in 
cascaded system can be expressed as [36]: 
 o sourcem
in load
ZT
Z


  (33) 
where ௠ܶ  is the impedance interaction, and ܼ௢ି௦௢௨௥௖௘  is the 
output impedance of source converter, and ܼ௜௡ି௟௢௔ௗ is the input 
impedance of load converter. 
The output and input impedance of converter can be 
obtained as  
 oo source
o
VZ
I
    (34) 
 inin load
in
VZ
I
   (35) 
where∆ࢂ࢕  and ∆ࡵ࢕  are the output voltage and output current 
variations, ∆ࢂ࢏࢔  and ∆ࡵ࢏࢔  are the input voltage and input 
current variations. In the cascaded system, the output voltage of 
source converter and the input voltage of load converter are 
both the DC-link voltage ࢂࢊࢉ. When the DC-link voltage has 
perturbation of ∆ࢂࢊࢉ , the output current variation of DAB 
converter (∆ࡵ࢕) and the input current variation of inverter (∆ࡵ࢏࢔) 
are respectively. 
   ( )dc PI DABo
o dc dc
V G s G sPI
V V V
        (36) 
 
   ( )dc PI INVin
o dc dc
V G s G sPI
V V V
      (37) 
Then the output impedance of source converter and input 
impedance of load converter can be expressed as 
   ( )dc dco PI DAB
V VZ
G s G s
    (38) 
   ( )dc dcin PI INV
V VZ
G s G s
    (39) 
The control scheme is symmetric, and then source converter 
output impedance and load converter input impedance will be 
similar within the control bandwidth, then the impedance 
interaction can be expressed as: 
 ( )
( )
INV
m
DAB
G sT
G s
   (40) 
where ܩூே௏ሺݏሻ  and ܩ஽஺஻ሺݏሻ  are the power control transfer 
functional of DAB and inverter, as shown in Fig. 4 and Fig. 7. 
The phase shift of 	ܩூே௏ሺݏሻ and ܩ஽஺஻ሺݏሻ are both 90 degree at 
the low frequency part, then within this area ௠ܶ  will not 
introduce phase shift in the cascaded system.  
For the feed forward control, when power reference stays 
the same, the load converter works in constant power mode, 
then it behaves as negative input impedance [36], with the phase 
shift of -180 degree. Under voltage control, the DAB converter 
has a 90 degree shift in its output impedance [20] in low 
frequency. So the ௠ܶ will introduce a phase shift of 270 (-90) 
degree, and the phase shift decreases the cascaded converter 
phase margin [37]. So the proposed control can improve the 
stability of the DABCI. 
IV. SIMULATION AND EXPERIMENT RESULTS  
A.  Simulation Results 
An interface converter prototype was built and simulated in 
PLECS to test the control strategy. Simulation parameters are 
shown in Table 1. The conventional control and feed forward 
control methods are also simulated for a comparison with the 
proposed one. The compared control methods are based on the 
same voltage controller and inside power (current) controller.  
Fig. 23 shows the simulation results when the DAB controls 
power output and the inverter maintains DC-link voltage. As 
shown, when the power flow changes between +5kW and -
5kW, the DC voltage fluctuates with a magnitude of 354V from 
peak to peak, and takes 0.055s to recover stable at 800V. 
Fig. 24 shows the results when DAB maintains DC-link 
voltage, and inverter controls the power output. 
TABLE 1  
SIMULATION PARAMETERS FOR BIDIRECTIONAL INTERFACE CONVERTER 
Parameter Value 
ଵܸ 400V Vௗ௖ 800V V஺஼௕௨௦(Phase to natural) 311V 
L 3mH 
C 100uF 
L1 0.1mH 
As shown in Fig. 24, under the same condition, the DC-link 
voltage fluctuation is 205V from peak to peak, which is smaller 
than 354V in Fig. 23. The DC voltage recovering time is 0.038s, 
faster than 0.055s in Fig. 23. As mentioned before, DAB is 
faster than the inverter, so when inverter maintains DC voltage, 
it can not follow the power controlling converter rapidly, so the 
DC-link voltage fluctuation is enlarged during transitions. 
Fig. 25 is the simulation result of the proposed control. As 
shown, when the power reference changes between +5kW and 
-5kW, the DC-link voltage fluctuation is 115V, much smaller 
than previous 354V and 205V in Fig. 23 and Fig. 24, and the 
recovering time is 0.012s, also shorter than the previous cases. 
So when the DAB and inverter both regulate the DC-link 
voltage and power, the voltage fluctuations under power 
references variations can be better suppressed. 
Fig. 26 is the comparison between the feed forward control 
and the proposed control. Before the vertical dash line, the 
system is with feed forward control, and after the dash line is 
the proposed control. 
As shown in Fig. 26 (a), under square power reference, the 
fluctuation of DC-link voltage in the feed forward control is 
132V, while in the proposed control the fluctuations is 115V 
and steady state has less oscillation. In Fig. 26 (b), the power 
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reference is sinusoidal with the frequency of 16Hz and 
amplitude of 5000W. In the feed-forward control, the amplitude 
of voltage fluctuation is 60V; while in the proposed control, it 
is 38V. In feed-forward control, compared with the reference 
wave ,  the  power  output  of  DAB and inver te r  has  
 
Fig. 23  DAB controls power output and inverter maintains DC voltage 
 
Fig. 24  DAB maintains DC voltage and inverter control power output 
 
 
Fig. 25 Active power and DC voltage coordinative control for the cascaded 
system 
TABLE 2  
SIMULATION RESULTS AND MODELING STEP RESPONSE COMPARISON 
Control method Value Simulation results 
Conventional control 198V 205V 
Feed forward control 136V 132V 
Proposed coordinative 
control 74V 115V 
apparent phase and amplitude error, while in the proposed 
control, DAB and inverter power output error are much less. 
In Fig. 26 (c), the grid voltage has sag (0.2pu) at 0.25s and 
0.5s. In feed forward control, the voltage fluctuation is 65V; 
while in the proposed control, it is 49V. So the proposed control 
can damp the interference more effectively than the feed-
forward control, and improve the performance of both the DC-
link voltage and the power output. 
Table 2 is the comparison of simulation results with the 
modeling step response in Fig 19. The relevant trends of DC-
link voltage fluctuation are similar with each other, which can 
support the analysis. 
 
(a)Simulation results in the square reference wave 
 
 
(b)Simulation results in the sinusoidal reference wave  
 
 
(c)Simulation results in grid voltage sag 
 
Fig. 26 Feed forward control with active power and DC voltage coordinative 
control 
B. Experimental Results 
A scaled-down 800W laboratory prototype has been built, and 
the topology is shown in Fig. 27. The parameters are shown in 
Table 3. The inverter is connected with grid through a 
transformer. 
The transformer core of the DAB converter is ETD59, and 
the voltage and current wave forms of the primary side and 
secondary side are shown in Fig. 28 (a). Primary side voltage is 
130V square wave, and secondary side voltage is 400V square 
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wave. Fig. 28 (b) is the current step response of the inverter, and 
the output power varied from 0 to 1kW.  
The experiment scenario is to change the active power 
reference between 400 W and -400 W with the period of 0.4s, 
and maintain reactive power at 0Var. Conventional control 
employs the DAB to maintain DC voltage, and inverter  
 
 
Fig. 27 Experiment setup of the cascaded interface converter 
 
power output. The feed-forward control introduces a reference 
feed forward signal to DAB. 
Fig. 29 is the experiment results of the power output and 
DC-link voltage. The power waves are captured from the DA 
output block DS2101 of dSPACE. 
As shown in Fig. 29 (a), before 0.1s, the system is under 
conventional control, and when power output changes, the DC-
link voltage fluctuation is 84V, and needs 0.115s to recover. 
After 0.1s, the operation is switched to the proposed control. 
Under the same control parameters, the DC-link voltage 
fluctuation is 28V, needs 0.04s to recover. And also the 
dynamic response of power output are faster than the 
conventional. 
 
(a)DAB transformer voltage and current wave forms 
 
(b) Inverter current waveforms under step response 
Fig. 28 Current wave forms under conventional control method 
TABLE 3 
 EXPERIMENTAL PARAMETERS FOR BIDIRECTIONAL INTERFACE CONVERTER 
Parameter Value 
DC voltage (V1) 130V 
Middle DC voltage (V2) 400V 
Ratio for DAB Transformer 1:3 
Transformer leakage inductor 200uH 
Middle DC Capacitors 300uF 
AC voltage (V3) 150V 
Inductor of LC filter 3mH 
Inductor between Inverter and grid 3mH 
Switching Frequency 10kHz 
DAB Parameter Value 
DC voltage (V1) 130V 
Middle DC voltage (V2) 400V 
Ratio for DAB Transformer 1:3 
Transformer leakage inductor 200uH 
Middle DC Capacitors 300uF 
 
As shown in Fig. 29 (b), before 0.1 s, the system is under 
feed forward control, and DC-link voltage fluctuations are 40V, 
and recovering time is 0.08s. After 0.1s, the operation is 
1V
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switched to the proposed control. DC-link voltage fluctuations 
are 30V, and DC-link voltage recovering time is  
 
(a) Switching from conventional control to proposed control 
 
 
 (b) Switching from feed forward control to proposed control 
Fig. 29 Experiment results of the power output and DC-link voltage  
 
0.04s. So the proposed control can maintain DC-link voltage 
better, with smaller voltage fluctuations and faster recovering 
speed. And the power outputs are faster in proposed control 
than feed forward control. 
Fig. 30 is the experiment result of DAB output current, 
voltage and the active power. As shown in Fig. 30 (a), after 
switching from conventional control to the proposed 
coordinative control, dynamic response of DAB output current 
becomes much faster, so is the power output. 
As shown in Fig. 30 (b), after switching from feed forward 
control to the proposed coordinative control, dynamic response 
of DAB output current becomes faster, because the sharing 
control makes the DC-link voltage more stable. 
Fig. 31 is the experiment results of three phase inverter 
output current, and the DC-link voltage  
As shown in Fig. 31 (a), after switching from conventional 
control to the proposed coordinative control, inverter maintains 
the DC-link voltage at the instant time.  
In Fig. 31 (b), after switching from feed forward control to 
the proposed control, dynamic response of inverter output 
current behaves faster to maintain DC-link voltage, because of 
the sharing control of DC-link voltage. 
Fig. 32(a) shows the comparison between the proposed 
control and the feed forward control, where the power reference 
is sinusoidal with the frequency of 1.8 Hz and the amplitude of 
300 W. From Fig. 32(a), it can be observed that the DC-link 
voltage has some oscillation in the feed forward control, 
because the power of the two converters (DAB and inverter) 
cannot match each other well. After the proposed control is 
used, the power of the two converters (DAB and inverter) can 
be more closely followed by each other and the dc-link voltage 
oscillation can be effectively damped. It shows the good 
agreement with the theoretical analysis in Section III, where the 
proposed control can control the DC-link voltage more stable 
with better stability. 
Fig. 32(b) shows the performance of the proposed control 
and the feed forward control under grid voltage dip, where the 
grid voltage drops to 0.5 p.u. and lasts for 0.02 s. It can be seen 
that the proposed control can provide a more stable DC-link 
voltage in comparison with the feed forward control. The grid 
voltage is emulated by a programmable AC source power and 
it has less inductance than the transformer, which means 
damping in the AC net becomes much smaller, so the DC-link 
voltage has more oscillation than the cases with transformer, 
but under the same condition, the DC-link voltage in the 
proposed control is more stable than feed forward control. 
 
(a)Switching from conventional control to the proposed control 
 
 
(b)Switching from feed forward control to the proposed control 
Fig. 30 Experiment results of DAB converter output current, active power and 
DC-link voltage 
 
 
(a) Switching from conventional control to the proposed control 
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(b)Switching from feed forward control to the proposed control 
Fig. 31  Experiment results of inverter output current and DC-link voltage 
 
As shown in Fig. 30, Fig. 31 during the transitions of power 
reference variations, the proposed control can maintain the DC-
link voltage at the instant time by changing its sub-converters’ 
output current, which makes the DC-link voltage more constant 
during the transitions. 
The energy (ܧ ) stored on the DC-link capacitor can be 
calculated as 
 21
2
E CV  (41) 
 
(a)With sinusoidal power reference wave 
 
(b) Feed-forward control and the proposed control under voltage sag 
Figure 32 Experiment results of feed forward control and the proposed control 
where ܥ=300uF, ܸ ൌ 400ܸ; So ܧ ൌ 24ܹ, so compared with 
the transferred power, it is very small. With a better controlled 
DC-link voltage, the dynamic response of the whole converter 
becomes faster. 
V. CONCLUSIONS 
This paper proposes a DC-link voltage and active power 
coordinative control method for a cascaded DC-AC interface 
converter. The coordinative control makes the inverter and 
DAB to share the tasks of maintaining DC-link voltage and 
controlling power output. The system models have been derived 
and the dynamic response with stability have been analyzed, 
which shows that the proposed control method can reduce the 
DC-link voltage fluctuations, and provide more effectively 
damping with better stability. Therefore, the required volume 
of DC-link capacitors can be reduced, and the stress on the 
semiconductors are also reduced. The results have been 
validated by the simulation and experiment results.  
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VII. APPENDIX 
TABLE 4 
 EXPERIMENTAL PARAMETERS FOR BIDIRECTIONAL INTERFACE CONVERTER 
Parameter Value 
DAB power loop ܭ௉ି஽஺஻ 0.00001 
DAB power loop ܭ௜ି஽஺஻ 0.0105 
DAB Switching frequency 10kHz 
DAB Control bandwidth 1884 rad/s
Inverter Current Loop ܭ௉ିூே௏ 2.5 
Inverter Current Loop ܭ௜ିூே௏  500 
Switching frequency  10k Hz 
Inverter Control bandwidth  1570 ݎܽ݀/ݏ 
DC-link Voltage Controller ܭ௉ 40 
DC-link Voltage Controller ܭ௜  1000 
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